Objectives-To examine the expression and concentrations of three ectopeptidases likely to be involved in regulating the functional levels of adhesion molecules and the turnover of connective tissue components, in patients with scleroderma (systemic sclerosis) (SSc) and in normal individuals. Methods-Monoclonal antibodies against these antigens were used for immunoperoxidase staining of cryostat skin sections and for flow cytometric (fluorescence activated cell sorter) analysis of cultured dermal fibroblasts grown from SSc patients and normal controls.
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Patients and methods

PATIENTS
Seven female patients with SSc (aged [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] years; average 27) and seven normal individuals (four males, three females, aged years; average 37) were studied. All the SSc patients had diffuse disease, characterised by early widespread proximal skin involvement and rapidly developing visceral abnormalities.
All patients fulfilled the American College of Rheumatology preliminary criteria for SSc.2" CELL CULTURE Biopsies were taken from the affected skin of the SSc patients and matched areas from the controls. The biopsies were cut into 1-2 mm3 pieces and cultured in Dulbecco's modification of Eagles Minimal Essential Medium (DMEM), supplemented with L-glutamine 2 mmol/l, penicillin 100 U/ml, streptomycin 100 ,ug/ml and 1 0% fetal calf serum (FCS) in a humidified incubator at 37°C in an atmosphere of 5% carbon dioxide in air. The relatively low numbers of cells obtained in these initial outgrowths of the cultured biopsy tissue precluded analysis by flow cytometry, as described below. Therefore, in order to obtain a sufficiently large number of cells, when the cultures grew to confluence they were subcultured at a 1:6 dilution, by trypsinisation (0.25% trypsin in phosphate-buffered saline (PBS)), and recultured as described above. All fibroblast cultures were subsequently grown to confluence and used between passages 3 and 12.
IMMUNOCYTOCHEMICAL STAINING FOR LIGHT MICROSCOPY Sections 6 im thick were cut on a cryostat, mounted on glass slides coated with poly-L-lysine and air dried overnight. Slides were stored at -80°C. Before staining, the sections were fixed in chloroform:acetone (1:1) at -20°C for five minutes, washed with water and stained using an indirect immunoperoxidase method. Endogenous peroxidase was blocked with 0-1% phenylhydrazine hydrochloride for five minutes at 20°C. After washing with PBS, the sections were incubated with mouse antihuman monoclonal antibodies against NEP, APN and DPPIV (Serotec) for 60 minutes. The sections were incubated for a further 60 minutes with goat anti-mouse antibody conjugated to peroxidase (Dako Ltd). The sections were washed and developed for five minutes using 3,3'-diaminobenzidine tetrahydrochloride and then counterstained with Mayer's haematoxylin blue in lithium carbonate, cleared with Histoclear and mounted in DPX (BDH).
IMMUNOSTAINING OF FIBROBLASTS FOR FLOW CYTOMETRY ANALYSIS
In order to be able to assess quantitatively any possible differences in the levels of ectopeptidase expression, fibroblasts were grown from biopsy specimens and analysed by fluorescence activated cell sorting (FACS). The cells were grown to confluence in 75 cm2 tissue culture flasks and were detached from the monolayers using EDTA 20 Immunoperoxidase staining of cryostat sections of control and SSc skin showed little reactivity for NEP (data not shown). In contrast, APN staining was readily apparent in both normal and SSc skin ( fig IA and B, respectively), in which it was localised in the papillary dermis, including fibroblast like cells in the papilla and the superficial and deep plexus of blood vessels. In the SSc skin, the localisation of APN was more prominent in the upper dermis ( fig 1B) .
Unlike APN, however, DPPIV showed marked differential staining between normal and SSc skin. Thus, while normal skin had extensive DPPIV immunoreactivity in numerous fibroblast like cells throughout the different layers (fig 2A) , the intensity of this protease in SSc skin was very notably decreased and was also more restricted to the upper dermis ( fig 2B) . Figure 3 shows representative histograms of the surface expression of NEP, APN and DPPIV. A minimum of at least 14 In marked contrast, the concentration of DPPIV in the SSc cells was, on average, significantly less that that in the normal fibroblasts (AFI 25 (16) and 47 (31) , respectively) (p < 0 001). The particular experiment shown in figure 3C , in which the SSc cells expressed only very small concentrations of DPPIV, also reveals that frequently this enzyme was not uniformly distributed among the cells, but was clearly differentially expressed between two distinct subpopulations of fibroblasts. In more than half the experiments carried out, fibroblasts which expressed large amounts of DPPIV were found to constitute the major proportion of normal cells, whereas the population which expressed small amounts of DPPIV was the major fibroblast subset in SSc cultures. 4B) . In more than half the experiments these average concentrations reflected clear differences in the proportion of fibroblast subsets which had high and low DPPIV concentrations (as shown in figure 3C above). APN concentrations were unaffected on extended passage (data not shown).
FACS ANALYSIS OF CULTURED FIBROBLASTS
Discussion
In this study, we have examined the expression and distribution of three cell surface peptidases in normal and SSc skin. Although NEP (CD 10) was not detected by immunoperoxidase staining of cryostat sections of either SSc or control skin, APN and DPPIV (the CD antigens 13 The expression of the three ectoenzymes was also examined in cultured fibroblasts derived from the SSc and normal dermal biopsies. Surprisingly, FACS analysis showed that NEP was present in both SSc and normal cells grown in tissue culture, despite the apparent absence of this peptidase in vivo. While this discrepancy may have arisen because of the selective sensitivity of the antigen to the fixation procedure used for the cryostat tissue sections, it could also reflect downregulation resulting from the depletion, during growth in vitro, of naturally occurring inhibitory i 0 substances, or the influence of stimulatory factors in the culture medium. In contrast to NEP, however, the other zinc protease, APN, was expressed in the normal and SSc dermal tissues in addition to the cultured fibroblasts.
The serine protease, DPPIV, was found to be expressed at a substantially lower level in SSc compared with control cells. The differential expression seen in vitro was consistent with our observations in vivo and was also maintained on prolonged subculture of the fibroblasts. This peptidase, which activates precursor forms of substance P and promelittin,2" has also been shown to cleave Gly-Pro bonds in the synthetic substrate GlyPro-pNA. 24 Since collagens contain a high proportion of repeating Gly-Pro-X amino acid triplets,25 it is possible that DPPIV activity may also extend to such major ECM components. Our finding that this peptidase is markedly downregulated in SSc could therefore be fundamental in contributing to the excessive accumulation of the ECM in this disease. It is of interest that DPPIV and APN are both upregulated in fibroblasts in psoriasis and rheumatoid arthritis,26 in which matrix breakdown is an important part of the disease process.27 28 In addition to its importance as a proteolytic enzyme involved in ECM turnover, DPPIV has also been reported to participate directly in cell-matrix interactions by binding to collagen type I and fibronectin.20 29 30 This adhesion function of DPPIV could thereby also have a contributory role in the abnormal accumulation of collagen and other matrix proteins in SSc skin, which the present study shows to have markedly lower peptidase concentrations compared with normal dermal tissue.
Another aspect of SSc pathology is the increase in ICAM-1 expression by dermal fibroblasts both in vivo and in vitro, which is at least partly responsible for the enhanced interaction with T lymphocytes observed in this disease."1 3' Although the full range of biological substrates of DPPIV is not yet known, the downregulation of this peptidase in SSc fibroblasts could result in decreased proteolytic clipping, leading to greater concentrations of surface antigens such as ICAM-1. While the precise role of DPPIV in adhesion molecule shedding is not yet known, it is notable that the expression and function of the peptidase itself may be regulated by a shedding process, as suggested by the recent finding of a circulating, 'soluble' form of this antigen in human plasma.32 DPPIV (CD26) is also known to be involved in the activation and proliferation of T cells, primarily of the memory (CD45RO) phenotype,33-37 and to be expressed by some B cells.38 39 Downregulation of the peptidase in T cells has previously been reported in immune deficient HIV infected patients37 and may have a role in adenosine deaminase associated severe combined immunodeficiency disease in humans.40 Although DPPIV expression in lymphocytes from SSc patients remains to be investigated, the results of the present study suggest that its downregulation in fibroblasts, possibly in the same abnormal subpopulation which expresses large amounts of ICAM-1,11 could play a fumdamental part in the control of cellular interactions and the pathophysiology of SSc.
